Abstract-The 'Beyond 3G Wireless Networks Architecture' proposes to assimilate numerous heterogeneous wireless network technologies over an Internet Protocol Backbone. However, in order to offer seamless mobility, cost -effective connectivity and desired Quality of Service (QoS) in such a diverse environment; efficacious vertical handover support still remains a major design challenge. In this research/manuscript, a novel handover decision mechanism, 'Travelling Time Prediction Based on the Consecutive RSS Measurements' in an IEEE 802.11 WLAN cell is suggested. The method uses a time threshold which is computed by a Mobile Terminal (MT) as soon as it penetrates into a WLAN boundary. The estimated travelling time is then compared with the time threshold, so as to make handover decisions for minimizing the probability of unnecessary handovers. Our performance analysis reveals that the suggested mechanism effectively reduces number of unnecessary handovers by 60% as compared to the already proposed schemes.
I. INTRODUCTION
The increased proliferation of numerous wireless network technologies [i.e. 2G, 3G, IEEE802.11 WLAN, IEEE802. 16 WiMAX, etc.) and the unfolding of multi -interface mobile devices has created a user demand to seamlessly roam anywhere at anytime. One considerable advancement obsessed by this ubiquitous wireless access is evolvement of 4G Systems, which represents heterogeneous wireless environment possessing disparate / diverse access network technologies with a varying bandwidth, latency and cost. In such sort of a networking scenario, MTs with multiple interfaces opt for the befitting access links among the most accessible substitutes (in addition to the conventional cellular telephony networks), with no perceived disruption to an ongoing video and voice conversation [1 -3] . Thus, this capability to seamlessly handover amongst the heterogeneous wireless networks is regarded as the 'vertical handover'. It is differentiated from the 'horizontal handover', which occurs as MTs traverses between point of attachments (PoA) supporting the same network technology [4] [5] [6] [7] . The IEEE802.21 standard proposes a framework so as to address challenges for facilitating seamless mobility in heterogeneous access networks; however, real algorithms to be employed are left over for the consideration of designers [8 -9] .
'Vertical Handover Processes' can be segmented into three phases -Network Detection, Handover Decision and the Handover Triggering [9 -10] . Numerous factors have been deliberated in the literature for use in the Vertical Handover Decision algorithms. These included received signal strength (RSS), available bandwidth, power consumption, network connection time, handover latency, security, MTs mobility, monetary costs, user preferences, etc. [11 -13] .
In this manuscript, a Vertical Handover Decision scheme has been proposed for reducing probability of unnecessary handovers from 3G cellular networks to the WLANs, so as to provide optimal network utilization and an enhanced usersatisfaction. Performance analysis depict(s) that the proposed scheme yields successful results as compared to techniques already proposed in the literature.
The paper is organized as follows: Section II provides an outline of similar studies already proposed in the literature; Section III presents an algorithm for anticipating travelling time in a WLAN cell based on successive RSS measurements, and a time threshold estimation algorithm for minimizing the unnecessary handovers; whereas, the Section IV depicts the performance(s) of proposed mechanism.
II. LITERATURE REVIEW
Existing literature reports a number of associated studies pertinent to the Vertical Handover Decisions. In [4] , a crosslayer design for providing context awareness and a mobility control is presented for heterogeneous wireless IP networks. Similarly, a mechanism for computing dynamic boundary area based on the velocity of MT and WLAN cell dimension is presented in [5] ; wherein, handover(s) from the WLAN to 3G cellular system is initiated as soon as the MT penetrates the WLAN boundary and the handover process is accomplished before MT exits WLAN area. This is also true for the mobility architectures suggested in [6] and [7] . In [8] , a handover necessity estimation scheme is proposed for minimizing the unnecessary handovers based on the dwell time estimation and computation of the threshold values. The said mechanisms are quite effective for handoffs commencing from WLAN to 3G networks; nonetheless, it is not considered efficacious for handoffs from a 3G to the WLAN. Primary problem with all these schemes is that they lean to actuate handovers to a low cost/ high throughput WLANs -as and when its coverage is accessible. However, in situation(s), where MT propagates through an area near to the WLAN periphery with speeds above a particular threshold; handovers to the WLAN will ultimately result in network resource wastage and degradation of MT's battery life. Moreover, if handover process is not accomplished before MT moves out of the WLAN boundary, the connection failure becomes unavoidable [9 -10] . In [13] , a geometrical framework for the handover necessity estimation for MT traversing from a 3G network into a WLAN cell has been illustrated for reducing probabilities of handover failures and unnecessary handovers. The framework is based on the angle of arrival and departure, however, the absolute interior difference between angles is erroneously considered between [0, 2 ], which led to the mathematical imperfections in the estimation of distance (threshold) parameters. This research is an effort to build on earlier works [8, 11 -13] so as to remove their mathematical imperfections and to suggest an improved mechanism / scheme for minimizing number of unnecessary handovers.
III. PROPOSED MECHANISM

A. Travelling Time Prediction Based on the Consecutive RSS Measurements
The proposed handover necessity estimation mechanism hinges on an algorithm that seeks to anticipate travelling time in a WLAN coverage / boundary by utilizing consecutive RSS measurements. The algorithm presumes that the WLAN cell possesses a circular contour; MT propagates from the WLAN coverage in a straight course with a uniform velocity; and the empirical model used for the propagation environment is Logdistance Path Loss Model. The said scenario is depicted in the The travelling time estimation of MT based on successive RSS measurements is calculated in the subsequent manner. It is presumed that the MT receives considerably powerful signal at point A, while signal intensity lowers from the serviceable level at the point B (i.e. as soon as MT 'enters' and 'exits' the WLAN exposure area). M is middle point of MT's travelling path. By using eq. (1), as the MT approaches WLAN coverage at time , distance ~which is approximately equivalent to radius R is measured as:
where, RSS refers to RSS at the entry point of a WLAN coverage area.
Fig. 1. Travelling Time Prediction Scenario in a WLAN Cell
In order to predict the travelling time t WLAN , MT obtains consecutive RSS samples at points Z 1 , Z 2 ,…..,Z n at time t Z1 , t Z2, …..,t Zn respectively. The change in RSS is depicted as:
By using eq. (1), the distance between C and Z n , i.e. , is projected by: 
where , , , and are stretches amongst entrance point and the central point M, APs locality C and M, the sample point Z n and M, point C and Z n , as well as the point and Z n , correspondingly.
By replacing eq. (5c) in (5b), the following mathematical expression transpires:
Consider v as a uniform speed of MT during time interval t, while the MT travels through WLAN cell exposure area:
where, and refers to the sampling time at point Z n and entry point A. By substituting eq. (7) in eq. (5a) and (6), the following are attained:
Based on eq. (8), an estimate for travelling time is obtained as follows:
By substituting eq. (2) and (4) 
The MT's travelling speed 'v' can be estimated by using an accelerometer installed within the MT [14] .
B. Time Threshold Estimation for Minimizing / Reducing of the Unnecessary Handovers
The rationale behind time threshold estimation algorithm is to maintain the number of unnecessary handovers under an acceptable limit. It is presumed that A and B can be any randomly selected entry and exit locations on the boundary enfolding the WLAN exposure, and possessing an identical probability (Fig. 1) . The angles A and B are evenly dispersed within '0 to ' with = A -B |.
Probability density function ~ PDF of is derived through [5, eq. 10], wherein l is replaced by and d with :
The subsequent task is thus to utilize the PDF of along with travelling time WLAN to achieve PDF of WLAN . By the geometric relationship of Fig. 1, we 
The cumulative distribution function (CDF) of WLAN is obtained by computing the integral of eq. (14) as:
Now, in order to minimize the probability of unnecessary handovers, a time threshold parameter T u is established. An unnecessary handover transpires when travelling time within WLAN coverage is less as compared to the sum of handover time into ( ) and out ( ) of the WLAN cell. By means of eq. (15), unnecessary handover probability of the mechanism using the threshold T u is specified as: 
For MT to estimate value for a particular value of P uh , when 0 < P uh < 1, is given as:
In order to compute the value for -travelling speed and handover latency needs to be ascertained. For purpose of the study-at-hand, the values for v, and have been assumed. However, it can also be established by using accelerometers [14] and modus operandi described in [16] .
IV. PERFORMANCE ANALYSIS & DISCUSSION
MATLAB has been employed for the simulations, which produced 10,000 arbitrary MT courses across the WLAN cell exposure for speed(s) ranging between 1 km/h -100 km/h with equal increments of 2 km/h. An arbitrary entrance point of WLAN cell was chosen for each course, and an evenly dispersed random angle (within range '0 to ') was created for specifying the MT's trajectory.
The tolerable unnecessary handover probability ( uh ) has been preset at 0.04, WLAN cell exposure radius at 150m [7] , 1 In [11 -13] , the mathematical expression illustrated for PDF of is: ( ) = 1 1 2 , 0 2 wherein, absolute interior difference angle is erroneously assumed in [0, 2 ], as can never be greater than 2 PDF of traversal time (in a WLAN coverage area) obtained in [13] was ( ) = For handover necessity estimation scheme, i.e. Hussain's et al. [8] , unnecessary handover probability is depicted as: For handover necessity estimation mechanism proposed by Yan's et al. [11 -13] , the unnecessary handover probability is given as: Fig.2, 3 and 4 exhibits number of unnecessary handovers, total number of handovers, and ratio of number of unnecessary handovers vis-à-vis total number of handovers under different MT velocities for Hussain's et al., Yan's et al. and our scheme respectively. It can be illustrated from the simulations that the number of unnecessary handovers can be kept considerably low for our proposed mechanism, and that the total number of unnecessary handovers decreases with an increase in velocity.
Though the mathematical expression(s) of our proposed mechanism and that of Hussain's et al. [8] and Yan's et al. [11 -13] are nearly identical -however, their obtained threshold values gives the simulation results that do not validate their respective assumptions and therefore results digress by huge margins. On the contrary, our simulation results approve our threshold values for keeping the unnecessary handovers much below than the desired level. 
